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Description
Technical Field

[0001] The present invention relates to a surround-sound system which uses a speaker array to form a sound field
as if a listener is surrounded by the sound field.

Background Art

[0002] A surround-sound system can emit sounds from a plurality of speakers disposed in front of and at the rear of
a listener so as to provide the listener with a sound rich in presence. In the surround-sound system, however, speakers
must be disposed in front of and at the rear of the listener. For this reason, the surround-sound system is not adequate
to a small room. In addition, there is a problem that signal lines for supplying an output signal of each channel from an
audio amplifier to both the speaker disposed in front of the listener and the speaker disposed at the rear of the listener
are obstructive because the signal lines must be put around in the room. As techniques to solve these problems, JP-A-
6-205496 and JP-A-2004-179711 disclose techniques which are used to dispense with rear speakers in such manner
that a speaker array with high directivity is disposed in front of a listener to thereby make sound beams which are output
from this speaker array and which are reflected by walls of a sound space arrive at the listener.

WO 2004/066673 A discloses a method for setting up a Sound Projector such that it is suitable for a variety of functions,
including surround sound. The method allows a semi-automatic or automatic set-up to be accomplished whereby the
Sound Projector emits test signals and these are received by one or more microphones in order to detect the position
and angles of the major reflecting surfaces in the room. In a preferred embodiment, the room is scanned by a moving
directional sound beam and the first reflection of said sound beam is detected at a microphone in order to determine
the distance of the reflective surfaces from the Sound Projector for all or most possible angels of sound beams.

Disclosure of the Invention
Problems that the Invention is to Solve

[0003] Inthe speaker array, delayed audio signals obtained from a common audio signal are supplied to a plurality of
speaker units set in an array. The phases of the delayed audio signals are adjusted to produce sound beams with desired
directivity. In a background-art surround-sound system, the adjustmentis performed manually depending on the listener’s
ears. It is therefore difficult to general users to correctly control the output direction of a sound beam of each channel
so as to allow the sound beam to arrive at a listening position. Particularly as for surround channels, sound beams
reflected by walls should be transmitted to the listening position. Therefore, there is a problem that it is more difficult to
set the output direction of the sound beam of each surround channel from the speaker array.

[0004] The present invention is developed in consideration of the aforementioned circumstances. An object of the
invention is to provide a surround-sound system in which the output direction of a sound beam of each channel in a
speaker array can be optimized without requiring a user to make any troublesome operation.

Means for Solving the Problems

[0005] According to the present invention, a surround-sound system is provided as set forth in claim 1. Preferred
embodiments of the present invention may be gathered from the dependent claims.

[0006] According to the surround-sound system configured thus, the output directions of the sound beams of at least
a part of the channels in the speaker array are determined based on the change of the sound pressure sensed by the
sound pickup unit when the output directions of the sound beams are rotated. When there are channels the output
directions of which cannot be determined based on the change of the sound pressure of the sound beams, the output
directions of those undetermined channels are calculated from the output directions of the other determined channels.
Accordingly, the output direction of the sound beam of each channel in the speaker array can be optimized without
requiring the user to make any troublesome operation, so that a comfortable surround-sound reproduction environment
can be provided to the user.

Brief Description of the Drawings
[0007]

[Fig. 1] A block diagram showing a configuration of a surround-sound system according to a first embodiment of the
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present invention.

[Figs. 2] Views for explaining the contents of processing by a parameter setting control portion In the same system.
[Figs. 3] Charts for explaining the contents of processing by the parameter setting control portion in the same system.
[Fig. 4] A chart for explaining the operation of a surround-sound system according to a second embodiment of the
present invention.

[Fig. 5] A waveform chart showing an impulse response measured in the same embodiment.

[Figs. 6] Views for explaining the contents of processing by a parameter setting control portion in the same embod-
iment.

Description of Reference Numerals
[0008]

1 speaker array

2-1 to 2-5 signal processing portions

4 measuring sound beam generation control portion
5 beam direction control portion

6 parameter measurement control portion

7 microphone

Best Mode for Carrying Out the invention
[0009] Embodiments of the present invention will be described below with reference to the drawings.
<First Embodiment>

[0010] Fig. 1is ablock diagram showing the configuration of a surround-sound system according to a first embodiment
of the present invention. This surround-sound system has a speaker array 1, five signal processing portions. 2-k (k=1
to 5), and an adder group 3. The speaker array 1 is constituted by n (n is plural) nondirectional speaker units disposed
In a line or an array. The signal processing portions 2-k process audio signals of a speaker center channel C, a front
left channel FL, a front right channel FR, a surround left channel SL and a surround right channel SR.

[0011] Here, each signals processing portion 2-k (k=1 to 5) is, for example, a DSP (Digital Signal Processor), which
executes a filtering process 21, a time alignment process 22 and a directivity control process 23 as processes corre-
sponding to the signal processing portion 2-k (k=1 to 5).

[0012] Inthis embodiment, a sound beam corresponding to one channel is output from the speaker array 1, and arrives
at a listening position directly. A sound beam corresponding to another channel is reflected once or a plurality of times
by walls forming a listening space, and arrives at the listening position. In such a manner, the frequency characteristic
of a loss in a path from the place where a sound beam is output from the speaker array 1 to the place where the sound
beam arrives at the listening position and the transmission time of the sound beam generally differ from one channel to
another. The filtering process 21 is a means for compensating the loss in a transmission path of a sound beam of a
corresponding channel, The time alignment process 22 is a means for compensating a difference in transmission time
between a sound beam of one channel and a sound beam of another channel.

[0013] The directivity control process 23 generates a plurality of delayed audio signals from an audio signal subjected
to the filtering process 21 and the time alignment process 22. The delayed audio signals serve to drive a plurality of
speaker units in the speaker array 1. Here, In the directivity control process 23 of the signal processing portion 2-k
corresponding to one channel, the delay time between each delayed audio signal and its original audio signal is determined
based on the output direction of a sound beam in the speaker array 1 which direction is determined in advance for the
channel. This means for determining the output direction of a sound beam will be described later. The adder group 3 is
a device by which; of the delayed audio signals output from directivity control portions 23 of the signal processing portions
2-k (k=1 to 5), ones corresponding to the same speaker unit are added to one another and output as a driving signal to
drive each speaker unit.

[0014] This embodiment is characterized in that an output direction determination portion 10 as well as the afore-
mentioned devices is provided in the surround-sound system. The output direction determination portion 10 has a
microphone 7 serving as a sound pickup unit, a measuring sound beam generation control portion 4, a beam direction
control portion 5 and a parameter setting control portion 6.

[0015] Here, the microphone 7 is a sound pickup unit which is used to be disposed in the listening position of the
listening space where the speaker array 1 is disposed. The measuring sound beam generation control portion 4 is a
circuit for generating an audio signal to output measuring sound beams from the speaker array 1 under the control of
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the parameter setting control portion 6. To output measuring sound beams, the parameter setting control portion 6 turns
ON a switch SW1 provided in an input portion of the signal processing portion 2-1. Thus, an audio signal output from
the measuring sound beam generation control portion 4 is supplied to the signal processing portion 2-1. The beam
direction control portion 5 is a device for making control in accordance with a command from the parameter setting
control portion 6 so as to generate a delayed audio signal for outputting a sound beam of each channel in a predetermined
direction from the speaker array 1. In the process for determining the output direction of a sound beam for each channel,
the beam direction control portion 5 serves to control the delay time with which a delayed audio signal is generated in
the signal processing portion 2-1 in accordance with a command from the parameter setting control portion 6 so that
the output direction of the measuring sound beam in the speaker array 1 rotates at a constant angular velocity.

[0016] When a command to execute a process to optimize the output directions of sound beams is given to the
parameter setting control portion 6, the parameter setting control portion 6 makes control to supply an audio signal as
the base of a measuring sound beam from the measuring sound beam generation control portion 4 to the signal processing
portion 2-1, and sends the beam direction control portion 5 a command to generate a sound beam rotating

at a constant angular velocity. After that, the parameter setting control portion 6 grasps the change of the rotation angle
of the output direction of the measuring sound beam output from the speaker array 1, and determines the output directions
of at least a part of channels of the sound beams to be output from the speaker array 1 in accordance with a 5-channel
audio signal, based on the relationship between the change of the rotation angle and the change of sound pressure in
the listening position sensed by the microphone 7. When there is a channel whose output direction has not been
determined by the aforementioned relationship, the parameter setting control portion 6 determines the output direction
of a sound beam of the channel based on the output directions of the sound beams of the channels determined based
on the change of the sound pressure sensed by the microphone 7. The parameter setting control portion 6 then performs
setting of delay amounts of a plurality of delayed audio signals to be output from the respective directivity control portions
23 of the signal processing portions 2-k (k=1 to 5) so that a sound beam of each channel with the determined output
direction will be output from the speaker array 1.

[0017] The operation of this embodiment will be described below. In this embodiment, an audio signal of each channel
is output from the speaker array 1 as a sound beam having directivity in an output direction determined for each channel
by the output direction determination portion 10 in advance. Here, the way to determine the output direction of the sound
beam for each channel differs in accordance with the shape and size of a room where the speaker array 1 is installed,
and the relationship among the room, the position of the speaker array 1 in the room and the listening position. Various
examples will be described below with reference to Figs. 2(a) to (d) and Figs. 3(a) to (d).

[0018] In the first example, in the environment as shown in Fig. 2(a), a command to execute a process for optimizing
the output directions of sounds beams is given to the parameter setting control portion 6 of the surround-sound system
by the operation of an operating portion (not shown). In response to this command, a measuring sound beam rotating
at a constant angular velocity is output from the speaker array 1. Meanwhile an output signal of the microphone 7 placed
in a listening position P is supplied to the parameter setting control portion 6. As a result, a characteristic curve showing
the relationship between a rotation angle ¢ of the sound beam and the sound pressure in the listening position sensed
by the microphone 7 as shown in Fig. 3(a) is acquired by the parameter setting control portion 6.

In this Fig, 3(a) and Figs. 3(b) to (d) which will be described later, the abscissa designates the angle ¢ between a reference
axis and the output direction of the sound beam in a horizontal plane, and the ordinate designates the sound pressure
sensed by the microphone 7. In this embodiment, the reference axis is located on the left side of the speaker array 1
when viewed from the listening position. The angle ¢ of the same direction as the reference axis is 0°, the angle ¢ of the
frontal direction of the speaker array 1 is 90°, and the right direction of the speaker array 1 is 180°.

[0019] The parameter setting control portion 6 obtains a peak of the sound pressure higher than a threshold value in
the acquired characteristic curve. The output directions of the sound beams of at least a part of the center channel C,
the front left channel L, the front right channel R, the surround left channel SL and the surround right channel SR are
determined based on the magnitude of this obtained peak of the sound pressure and the angle ¢ of the sound beam
where that peak appears. In the example shown in Fig. 3(a), the characteristic curve has three peaks of sound pressure
- higher than the threshold value. Of those peaks, the highest one is obtained at an angle ¢c near 90°. It can be considered
that the sound beam output at this angle ¢c arrived directly at the listening position P located In front of the speaker
array 1. Therefore, the parameter setting control portion 6 determines the direction corresponding to this angle ¢c as
the output direction of the sound beam of the center channel C.

[0020] On the characteristic curve, there are two peaks in the output directions corresponding to angles ¢l (¢I<¢c) and
or (or>¢c) on both sides of the highest peak. The two peaks are slightly lower in sound pressure than the highest peak.
Here, it can be considered that the peak at the angle ¢l (¢r) appeared when the sound beam output in the direction
corresponding to the angle ¢l (¢r) from the speaker array 1 and reflected by a wall on the left (right) side of the speaker
array 1 arrived at the listening position P. Therefore, the parameter setting control portion 6 determines the directions
corresponding to the angles ¢l and ¢r as the output directions of the sound beams of the front channels L and R respectively.
[0021] As for the surround channel SL (SR), it is ideal to determine the output direction of the sound beam of each
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channel so that the sound beam output from the speaker array 1 and reflected by the wall on the left (right) side of the
listening position and the wall at the rear thereof will arrive at the listening position P. However, the sound beam output
in such an output direction will arrive at the listening position P after the sound beam is reflected twice. Accordingly, the
sound pressure of the sound beam sensed in the listening position P will be low. Therefore, even if the sound beam
output from the speaker array 1 at an angle ¢ and reflected twice arrives at the listening position P, any peak of sound
pressure will hardly appear at the angle ¢ on the characteristic curve. Even if a peak of sound pressure does appear,
the peak will be extremely low in level so that it will be difficult to find the peak. Thus, it is likely that the output directions
ofthe sound beams of the surround channels cannot be determined based on the change of sound pressure corresponding
to the change of the angle ¢ In such a case, the parameter setting control portion 6 determines the output directions of
the sound beams of the surround channels in the following manner.

[0022] That is, as for the surround channel SL, an angle ¢si=(¢c+¢l)/2 which is an average value of the determined
angle ¢c of the output direction of the center channel C and the determined angle ¢l of the output direction of the front
channel L is calculated. The direction corresponding to this angle ¢sl is determined as the output direction of the sound
beam of the surround channel SL. In this case, as shown in Fig. 2(a) and Fig, 3(a), an angle ¢1 between the output
directions of the surround channel SL and the front channel L is equal to an angle ¢$2 between the output directions of
the surround channel SL and the center channel C. The output direction of the surround channel SL is a direction dividing
into two the angle between the output direction of the center channel C and the output direction of the front channel L.
The surround channel SR is determined in the same manner. An angle ¢sr=(¢c+¢r)/2 which is an average value of the
angle ¢c of the output direction of the center channel C and the angle ¢r of the output direction of the front channel R is
calculated. The direction corresponding to this angle ¢sr is determined as the output direction of the sound beam of the
surround channel SR.

[0023] In the aforementioned manner, the output directions of the surround channels SL and SR in this example are
not obtained by setting paths of sound beams geometrically, but a certain degree of spread is given to the directivities
of the sound beams of those channels so that the sound beams are diffused multi-directionally. Thus, a suitable sound
field can be obtained.

[0024] In the second example, a characteristic curve shown in Fig. 3(b) is acquired by the parameter setting control
portion 6. in this characteristic curve, peaks of sound volume higher than a threshold value appear at three places in
the same manner as those in the first example. Directions, corresponding to angles ¢c, ¢l and ¢r where these peaks
appear are determined as the output directions of the sound beams of the center channel C and the front channels L
and R respectively.

[0025] In the second example, however, the angle ¢c is not put within an allowable range around 90°. As shown In
Fig. 2(b), such a situation may appear when the direction in which the listening position P is located is inclined largely,
for example, to the right side with respect to the frontal direction of the speaker array 1. In such a case, it is not proper
to determine the output directions of both the surround channels SL and SR in the same method as that in the first
example. The reason will be described. For example, in the case shown in Fig. 2(b), assume that the output direction
of the sound beam of the surround channel SL is determined in the same method as in the first example. In this event,
it is highly likely that the sound beam of the surround channel SL output from the speaker array 1 will not travel to the
wall on the left side of the listening position P but arrive at the wall behind the listening position P and be reflected by
that wall. In this manner, a proper sound field effect cannot be expected to be achieved by the surround channel SL.
[0026] In this embodiments, therefore, the output directions of the sound beams of the surround channels SL and SR
are determined as follows as a case corresponding to the second example. First, of the two left and right surround
channels, the surround channel to which the output direction of the center channel C is inclined is selected, and the
output direction of the selected surround, channel is set as the direction dividing into two the angle between the output
direction of the front channel on the same side as the selected surround channel and the output direction of the center
channel. In the example shown In Fig. 2(b) and 3(b), the output direction of the center channel C is inclined to the right
side with respect to the frontal direction of the speaker array 1. Therefore, In this process, the surround channel SR is
selected, and the output direction of this surround channel SR is set as the direction dividing into two the angle between
the output directions of the front channel R on the same side as the surround channel SR and the output direction of
the center channel C. Next, of the two left and right surround channels, the surround channel on the opposite side to
the surround channel to which the output direction of the center channel C is Inclined is selected, and the output direction
of the selected surround channel is set as the direction dividing into two the angle between the output direction of the
front channel on the same side as the selected surround channel and the frontal direction of the speaker array 1. In the
example shown in Fig. 2(b) and 3(b), the surround channel SL is selected in this process, and the output direction of
this surround channel SL is set as the direction dividing into two the angle between the output direction of the front
channel L on the same side as the surround channel SL and the frontal direction of the speaker array 1.

[0027] As a result of the aforementioned process, it is possible to enhance the expectation that, of the two left and
right surround channels, the surround channel (surround channel SL in this example) to which the output direction of
the center channel C is not inclined will be arranged so that the sound beam of that surround channel can arrive at the
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listening position P from its obliquely rear side. The second example shows the case where the listening position P is
located in a direction Inclined to the right side with respect to the frontal direction of the speaker array 1. However, when
the listening position P is located in a direction inclined to the left side with respect to the frontal direction of the speaker
array 1, the output directions of the surround channels SL and SR can be determined in a similar method.

[0028] In the third example, a characteristic curve shown in Fig. 3(c) is acquired by the parameter setting control
portion 6. Directions corresponding to angles ¢c, ¢l and ¢r where there appear peaks of sound volume higher than a
threshold value are determined as the output directions of the sound beams of the center channel C and the front
channels L and R respectively. In this third example, the angle ¢c is over 90°, and the output direction of the center
channel C is inclined largely to the right side, similarly to the second example. The degree of this inclination is larger
than that in the second example. Therefore, if the output direction of the surround channel SR is determined in the same
method as in the second example, the angle 6 between the output direction of the surround channel SR and the output
direction of the center channel C will be smaller than a threshold value set at an angle in advance. When the output
direction of the surround channel SR is too close to the output direction of the center channel C in this manner, the sound
beams of the two channels will be apt to interfere with each other in the listening position P.

[0029] In this embodiment, therefore, the output directions of the surround channels SL and SR are determined as
follows as a case corresponding to the third example. That is, of the two left and right surround channels SL and SR,
the surround channel (the surround channel SR in this example) to which the output direction of the center channel C
is inclined is selected, and the output direction of the selected surround channel is set to agree with the output direction
of the front channel (the front channel FR in this example) on the same side as the selected surround channel. On the
other hand, the output direction of the other surround channel is determined in the same method as in the aforementioned
second example. In this manner, it is possible to relax the Interference of the sound beams of the center channel and
the surround channels with each other in the listening position P.

[0030] In the fourth example, a characteristic curve shown in Fig. 3(d) is acquired by the parameter stetting control
portion 6, This characteristic curve has only two peaks of sound volume higher than a threshold value. In this case, the
parameter setting control portion 6 sets the output direction of the center channel C as the direction corresponding to
the angle ¢c near 90° where there appears a higher peak of sound volume on the characteristic curve, and sets the
output direction of the front channel L as the direction corresponding to the angle ¢l which is smaller than the angle ¢c
and where the other peak of sound volume appears on the characteristic curve. When only two peaks of sound volume
can be obtained thus, the output direction of one of the front channels cannot be determined. Thus, it is impossible to
determine the output directions of all the surround channels by use of any one of the methods in the aforementioned
examples. As shown in Fig. 2(d), such a situation may appear when a space surrounding the speaker array 1 and the
listening position P is not square or rectangular, and a sound beam traveling on either left or right side of the speaker
array 1 cannot arrive at the listening position P by one-time reflection.

[0031] Such a case corresponding to the fourth example is handled in this embodiment as follows. First, of the two
left and right front channels, the front channel (the front channel R in this example) whose output direction has not been
determined is selected, and the output direction of the selected front channel is set as a direction symmetrical with the
output direction of the front channel (the front channel L in this example), whose output direction has been determined,
with respect to the frontal direction of the speaker array 1, as shown in Fig. 2(d). Then, the output direction of each of
the two left and right surround channels is set as a direction dividing into two the angle between the output direction of
the front channel on the same side as the surround channel and the frontal direction of the speaker array 1, as shown
in Fig. 2(d). In this manner, the expectation that the sound beams of the respective channels can arrive at the listening
position P can be enhanced to some extent.

<Second Embodiment>

[0032] Fig. 4 to Fig. 6 show the operation of a surround-sound system according to a second embodiment of the
present invention. In the surround-sound system according to this embodiment, in the same manner as in the afore-
mentioned first embodiment, the output directions of the sound beams of at least a part of a plurality of channels are
determined based on the change of the sound pressure sensed in the listening position P when the output directions of
the sound beams in the speaker array 1 are rotated. In this event, there is a case where the output directions of the
center channel C and the front channels L and R are determined, and the determined output direction of the center
channel C agrees with the frontal direction of the speaker array 1 at a certain degree of accuracy. In the surround-sound
system according to this embodiment, a function to calculate optimum output directions of the surround channels SL
and SR more accurately In a case corresponding to such a special situation is added to the parameter setting control
portion 6 in the aforementioned first embodiment.

[0033] Inthis embodiment, when the aforementioned special situation is identified, the parameter setting control portion
6 controls the beam direction control portion 5 and the measuring sound beam generation control portion 4 so as to
allow the speaker array 1 to output an impulse of a sound beam in its frontal direction (direction corresponding to $c=90°)
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at time t=0. The parameter setting control portion 6 obtains an elapsed time Tu between the time when the impulse of
the sound beam is output and the time when the impulse higher than a threshold value is sensed by the microphone 7
for the first time and an elapsed time Tr between the time when the impulse is output and the time when the impulse
higher than the threshold value is sensed by the microphone 7 for the second time. Here, the time Tu corresponds to
an elapsed time between the time when the impulse of the sound beam is output from the speaker array 1 and the time
when the impulse of the sound beam arrives at the listening position P as shown in Fig. 5. The time Tr corresponds to
an elapsed time between the time when the impulse of the sound beam is output from the speaker array 1 and the time
when the impulse of the sound beam reflected by a wall behind the listening position P arrives at the listening position
as shown in Fig. 5. After the impulse output timing, the, second impulse higher than the threshold value can be sensed
by the microphone 7 if the wall behind the listening position P is parallel to the plane (hereinafter referred to as "beam
output plane") to which the output planes of the plurality of speaker units in the speaker array 1 belong in common.
When the second impulse higher than the threshold value is not sensed by the microphone 7, the parameter setting
control portion 6 concludes that the wall behind the listening position P is not parallel to the beam output plane of the
speaker array 1. Thus, the parameter setting control portion 6 determines the output directions, of the sound beams of
the surround channels in the method described in the aforementioned first embodiment.

[0034] When the elapsed times Tu and Tr are obtained, the parameter setting control portion 6 obtains the output
directions of the surround channels SL and SR based son these elapsed times and the determined outputs directions
of the two left and right front channels L and R. Figs. 6(a) and (b) show the principles of calculation of the output directions
of the surround channels SL and SR. In Figs. 6(a) and (b), the rectangle ABCD designates a room where the speaker
array 1 and the listening position P are disposed, and the sides of the rectangle designates walls of the room. The
speaker array 1 is disposed in such a direction that the center thereof is placed in an origin O near the wall corresponding
to the side DA (The wall will be represented by a notation "wall DA" in order to avoid complication. The same thing will
be applied to the other walls.), and the beam output plane of the speaker array 1 is parallel to the wall BC. The listening
position P is placed in the frontal direction (direction corresponding to $=90° in view from the origin O) of the speaker
array 1. In this example, the angles ¢c (=90°), ¢l and ¢r of the output directions of the center channel C and the front
channels L and R are obtained by the process described in the aforementioned first embodiment. In this case, the
parameter setting control portion 6 calculates the angles of the output directions of the surround channels SL and SR
as follows.

[0035] First, the parameter setting control portion 6 uses the elapsed time Tu and a known sonic velocity Vs to calculate
a distance Dusr between the origin O which is the center of the speaker array 1 and the listening position P according
to the following expression (1).

vDusr=Tu-Vs : ..(1)

[0036] Next, the parameter setting control portion 6 calculates a distance Dlen between the origin O and the wall BC
behind the listening position P as shown in Figs. 6, according to the following expression (2) based on the distance Dusr
obtained by the expression (1) and the elapsed time Tr.

Dien=Dusr+((Tr-Vs-Dusr)/2) ...(2)

[0037] Next, the parameter setting control portion 6 calculates a distance DI between the listening position P and the
wall AB on the left side thereof, a distance Dr between the listening position P and the wall CD on the right side thereof,
and a room width Dw according to the following expressions (3), (4) and (5) using the distance Dusr and the angles ¢l
and ¢r of the output directions of the sound beams of the left and right front channels.

DI=Dusr-tan(90°-¢1)/2 ..(3)

Dr=Dusr-tan(¢r-90°)/2 ...(4)
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Dw=DHDr - | S ..(5)

[0038] Then,the parameter setting control portion 6 obtains the angles ¢sland ¢sr corresponding to the output directions
of the two left and right surround channels SL and SR as follows. First, the sound beam of the surround channel SL
output from the speaker array 1 must set to be reflected by the walls AB and BC and then arrive at the listening position
P. Therefore, imagine a point Q and a point S on a straight line along the wall AB. The point Q is a point going back
from the vertex B toward the vertex A by Dusr/2 on the wall AB. The point S is a point going forward to the opposite side
to the vertex A by Dusr/2. The output direction of the sound beam of the surround channel SL is determined as a direction
of the point Q. In this manner, the sound beam of the surround channel SL output from the origin O is reflected in the
point Q on the wall AB and then reflected in an intersecting point U with the parallelogram OQSP on the wall BC before
arriving at the listening position P.

[0039] The angle ¢sl of the point Q In view from the origin O is calculated as follows.

¢sl
=tan™ (AQ/DI)

= tan"'((Dlen-(Dusr/2))/Dl)

= tan")((2-Dlen-Dusr)/(2:DI)) .(6)

[0040] As for the surround channel SR, the angle ¢sr of the output direction thereof can be calculated in a similar
method. This angle ¢sr is provided according to the following expression.

¢sr
=180°- tan™ ((2.Dlen-Dusn/(2-DW-DI))) ...(7)

[0041] The parameter setting control portion 6 In this embodiment sets parameters for the directivity control process
22 in the signal processing portions 2-1 to 2-5 so that the sound beams of the center channel C, the front channels L
and R and the surround channels SL and SR can be output in the directions of the angles ¢c, ¢l, ¢or, dsl and ¢sr obtained
as described above, respectively.

[0042] According to this embodiment, the output directions of the surround channels SL and SR with which their sound
beams can arrive at the listening position P in Ideal paths respectively are calculated accurately in a geometrical manner
as described above. Thus, a more proper surround effect can be obtained. In addition, according to this embodiment,
the room size is obtained so that a path length of a sound beam of each channel can be obtained using the obtained
result of the room size. In a preferred mode, therefore, the parameter setting control portion 6 obtains amounts of time
alignment to compensate differences among the channels in terms of the time required for a sound beam of each channel
to travel from the origin O to the listening position P based on the path length of the sound beam. The obtained amounts
of time alignment are set as parameters for the time alignment processes 22 in the signal processing portions 2-1 to
2-5. In this manner, the amounts of time alignment can be set automatically so that the surround-sound system can be
made easier to use.

<Other Embodiments>

[0043] The embodiments of the present invention have been described above. However, various embodiments other
than these embodiments can be conceived in the present invention. For example, the aforementioned first embodiment
may be arranged so that the range of the angle ¢c defining the output directions of the surround channels can be set
by user’s operation of an operating portion or the like as shown in the first example. Similarly the aforementioned second
embodiment may be arranged so that the range of the angle ¢c can be set by the operation of the operating portion.
[0044]



10

15

20

25

30

35

40

45

50

55

EP 1 865 751 B1

Claims

1.

A surround-sound system comprising:

a speaker array (1) which has a plurality of speaker units and outputs sound beams of a plurality of channels
so that the sound beams are transmitted directly to a listening position or the sound beams reflected by walls
are transmitted to the listening position;

asignal processing unit (2-1, 2-2, 2-3, 2-4, 2-5) which generates driving signals from audio signals of the plurality
of channels, the driving signals driving the plurality of speaker units so that the sound beams corresponding to
the audio signals of the plurality of channels are output from the speaker array in predetermined output directions;
a sound pickup unit (7) which senses sound pressure in the listening position in front of the speaker array; and
a control unit (4) which controls to rotate an output direction of a measuring sound beam output from the speaker
array;

characterized in that the surround-sound system further comprises:

an output direction determination unit (5, 6) which determines the output directions of the sound beams of
at least a part of the plurality of channels in the speaker array (1) based on a change of the sound pressure
sensed by the sound pickup unit (7) when the output direction of the measuring sound beam is rotated,
wherein when there is a channel whose output direction of the sound beam cannot be determined based
on the change of the sensed sound pressure, the output direction determination unit (5, 6) calculates the
output direction of the sound beam of the channel which cannot be determined, based on the determined
output directions of the sound beams of the channels.

The surround-sound system according to Claim 1, wherein the plurality - of channels include a center channel, a
front channel and a surround channel;

wherein the output direction determination unit (5, 6) determines the output directions of the sound beams of the
center channel and the front channel based on the change of the sound pressure sensed by the sound pickup unit
(7) when the output direction of the measuring sound beam is rotated; and

wherein the output direction determination unit (5, 6) sets the output direction of the sound beam of the surround
channel as a direction dividing into two an angle between the output direction of the sound beam of the center
channel and the output direction of the sound beam of the front channel when the output direction of the sound
beam of the surround channel cannot be determined.

The surround-sound system according to Claim 1, wherein the plurality of channels include a center channel, a right
front channel, a left front channel, a right surround channel and a left surround channel;

wherein the output direction determination unit (5, 6) determines the output directions of the sound beams of the
center channel, the right front channel and the left front channel based on the change of the sound pressure sensed
by the sound pickup unit when the output direction of the measuring sound beam is rotated; and

wherein when the output directions of the sound beams of the right surround channel and the left surround channel
cannot be determined and the output direction of the sound beam of the center channel is inclined to right or left
with respect to the frontal direction of the speaker array (1), the output direction determination unit (5, 6) sets the
output direction of the sound beam of one of the right and left surround channels to which the output direction of
the sound beam of the center channel is inclined, as a direction dividing into two an angle between the output
direction of the sound beam of the front channel to which the output direction of the sound beam of the center
channel is inclined and the output direction of the sound beam of the center channel, and sets the output direction
of the sound beam of the other surround channel opposite to the surround channel to which the output direction of
the sound beam of the center channel is inclined, as a direction dividing into two an angle between the output
direction of the sound beam of the other front channel opposite to the front channel to which the output direction of
the sound beam of the center channel is inclined and the frontal direction of the speaker array (1).

The surround-sound system according to Claim 3, wherein when the angle between output direction of the sound
beam of the front channel to which the output direction of the sound beam of the center channel is inclined and the
output direction of the sound beam of the center channel is smaller than a threshold value in the case where the
output direction of the sound beam of the surround channel to which the output direction of the sound beam of the
center channel is inclined has been determined as the direction dividing into two the angle between the output
direction of the sound beam of the front channel to which the output direction of the sound beam of the center
channelisinclined and the outputdirection of the sound beam of the center channel, the output direction determination
unit sets the output direction of the sound beam of the surround channel to which the output direction of the sound
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beam of the center channel is inclined as the same direction as the output direction of the front channel to which
the output direction of the sound beam of the center channel is inclined, instead of the sound beam of the surround
channel to which the determined output direction of the sound beam of the center channel is inclined.

The surround-sound system according to Claim 1, wherein: the plurality of channels include a center channel, a
right front channel, a left front channel, a right surround channel and a left surround channel;

wherein the output direction determination unit (5, 6) determines the output direction of the sound beam of the center
channel and the output direction of the sound beam of one of the right front channel and the left front channel based
on the change of the sound pressure sensed by the sound pickup unit when the output direction of the measuring
sound beam is rotated; and

wherein when the output directions of the sound beams of the other front channel, the right surround channel and
the left surround channel cannot be determined, the output direction determination unit (5, 6) sets the output direction
of the sound beam of the other front channel as a direction symmetrical with the output direction of the sound beam
of the one front channel with respect to the frontal direction of the speaker array (1), and sets the output direction
of the sound beam of each of the right surround channel and the left surround channel as a direction dividing an
angle between the output direction of the front channel on the same side as the output direction of the sound beam
of the surround channel and the frontal direction of the speaker array (1).

The surround-sound system according to Claim 1, wherein the plurality of channels include a center channel, a right
front channel, a left front channel, a right surround channel and a left surround channel;

wherein the output direction determination unit (5, 6) determines the output directions of the sound beams of the
center channel, the right front channel and the left front channel based on the change of the sound pressure sensed
by the sound pickup unit (7) when the output direction of the measuring sound beam is rotated; and

wherein when the output directions of the sound beams of the right surround channel and the left surround channel
cannot be determined but the output direction of the sound beam of the center channel is directed along the frontal
direction of the speaker array (1), the output direction determination unit (5, 6) obtains a size of a space with walls
surrounding the speaker array (1) and the listening position and a relative position of the listening position in the
space based on a response to an impulse of a sound beam output from the speaker array (1) to the frontal direction
of the speaker array (1) and sensed by the sound pickup unit (7) and the output directions of the sound beams of
the right front channel and the left front channel, and calculates the output directions of the sound beams of the right
surround channel and the left surround channel based on results of the size of the space and the relative position
of the listening position.

Patentanspriiche

1.

Ein Surround-Sound- bzw. Raumklangsystem, das Folgendes aufweist:

eine Lautsprecheranordnung (1), die eine Vielzahl von Lautsprechereinheiten aufweist und Schallbliindel bzw.
Schallstrahlen einer Vielzahl von Kanélen ausgibt, so dass die Schallstrahlen direkt zu einer Hérposition tber-
tragen werden oder die Schallstrahlen von den Wanden reflektiert zu der Horposition tbertragen werden;
eine Signalverarbeitungseinheit (2-1, 2-2, 2-3, 2-4, 2-5), die Antriebssignale aus den Audiosignalen der Vielzahl
von Kanélen erzeugt, wobei die Antriebssignale die Vielzahl von Lautsprechereinheiten antreiben, so dass die
Klang- bzw. Schallstrahlen, die den Audiosignalen der Vielzahl von Kanalen entsprechen, von der Lautspre-
cheranordnung in vorbestimmten Ausgaberichtungen ausgegeben werden;

eine Tonabnehmer- bzw. Schallabtasteinheit (7), die den Schalldruck in der Horposition vor der Lautsprecher-
anordnung abfiihlt; und

eine Steuereinheit (4), die das Drehen einer Ausgaberichtung eines Messschallstrahls steuert, der von der
Lautsprecheranordnung ausgegeben wird;

dadurch gekennzeichnet, dass das Raumklangsystem ferner Folgendes aufweist:

eine Ausgaberichtungsbestimmungseinheit (5, 6), welche die Ausgaberichtungen der Schallstrahlen von
zumindest einem Teil der Vielzahl von Kanélen in der Lautsprecheranordnung (1) bestimmt, und zwar
basierend auf einer Veranderung des Schalldrucks, der durch die Schallabtasteinheit (7) abgefiihlt wird,
wenn die Ausgaberichtung des Messchallstrahls gedreht wird,

wobei wenn es einen Kanal gibt, dessen Ausgaberichtung des Schallstrahls nicht basierend auf der Ver-
anderung des abgefiihlten Schalldrucks bestimmt werden kann, die Ausgaberichtungsbestimmungseinheit
(5, 6) die Ausgaberichtung des Schallstrahls des Kanals, die nicht bestimmt werden konnte, berechnet,
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und zwar basierend auf den bestimmten Ausgaberichtungen der Schallstrahlen der Kanale.

Raumklangsystem gemaf Anspruch 1, wobei die Vielzahl der Kanale einen mittleren Kanal, einen vorderen Kanal
und einen Surround-Kanal umfasst; wobei die Ausgaberichtungsbestimmungseinheit (5, 6) die Ausgaberichtungen
der Schallstrahlen des mittleren Kanals und des vorderen Kanals basierend auf der Veranderung des Schalldrucks
bestimmt, der durch die Schallabtasteinheit (7) abgefihlit wird, wenn die Ausgaberichtung des Messschallstrahls
gedreht wird; und

wobei die Ausgaberichtungsbestimmungseinheit (5, 6) die Ausgaberichtung des Schallstrahls des Surround-Kanals
als eine Richtung einstellt, die einen Winkel zwischen der Ausgaberichtung des Schallstrahls des mittleren Kanals
und der Ausgaberichtung des Schallstrahls des vorderen Kanals zweiteilt, wenn die Ausgaberichtung des Schall-
strahls des Surround-Kanals nicht bestimmt werden kann.

Raumklangsystem gemaf Anspruch 1, wobei die Vielzahl der Kanale einen mittleren Kanal, einen rechten vorderen
Kanal, einen linken vorderen Kanal, einen rechten Surround-Kanal und einen linken Surround-Kanal umfasst:

wobei die Ausgaberichtungsbestimmungseinheit (5, 6) die Ausgaberichtungen der Schallstrahlen des mittleren
Kanals, des rechten vorderen Kanals und des linken vorderen Kanals basierend auf der Veranderung des
Schalldrucks bestimmt, der durch die Schallabtasteinheit abgeflhlt wird, wenn die Ausgaberichtung des Mess-
schallstrahls gedreht wird; und

wobei wenn die Ausgaberichtungen der Schallstrahlen des rechten Surround-Kanals und des linken Surround-
Kanals nicht bestimmt werden kdnnen und die Ausgaberichtung des Schallstrahls des mittleren Kanals nach
rechts oder nach links in Bezug auf die frontale Ausrichtung der Lautsprecheranordnung (1) geneigt ist, die
Ausgaberichtungsbestimmungseinheit (5, 6) die Ausgaberichtung des Schallstrahls der rechten und/oder der
linken Surround-Kanale, zu denen die Ausgaberichtung des Schallstrahls des mittleren Kanals geneigt ist, als
eine Richtung einstellt, die einen Winkel zwischen der Ausgaberichtung des Schallstrahls des vorderen Kanals,
zu dem die Ausgaberichtung des Schallstrahls des mittleren Kanals geneigt ist, und der Ausgaberichtung des
Schallstahls des mittleren Kanals zweiteilt, und die Ausgaberichtung des Schallstrahls des anderen Surround-
Kanals entgegengesetzt zu dem Surround-Kanal, zu dem die Ausgaberichtung des Schallstrahls des mittleren
Kanals geneigt ist, als eine Richtung einstellt, die einen Winkel zwischen der Ausgaberichtung des Schallstrahls
des anderen vorderen Kanals, entgegengesetzt dem vorderen Kanal zu dem die Ausgaberichtung des Schall-
strahls des mittleren Kanals geneigt ist, und der frontalen Ausrichtung der Lautsprecheranordnung (1) zweiteilt.

Raumklangsystem gemaR Anspruch 3, wobei wenn der Winkel zwischen der Ausgaberichtung des Schallstrahls
des vorderen Kanals, zu dem die Ausgaberichtung des Schallstrahls des mittleren Kanals geneigt ist, und der
Ausgaberichtung des Schallstrahls des mittleren Kanals kleiner als ein Grenzwert in dem Fall ist, wo die Ausgabe-
richtung des Schallstrahls des Surround-Kanals, zu dem die Ausgaberichtung des Schallstrahls des mittleren Kanals
geneigtist, als die Ausgaberichtung bestimmt wurde, die den Winkel zwischen der Ausgaberichtung des Schallstrahls
des vorderen Kanals, zu dem die Ausgaberichtung des Schallstrahls des mittleren Kanals geneigt ist, und der
Ausgaberichtung des Schallstrahls des mittleren Kanals zweiteilt, stellt die Ausgaberichtungsbestimmungseinheit
die Ausgaberichtung des Schallstrahls des Surround-Kanals, zu dem die Ausgaberichtung des Schallstrahls des
mittleren Kanals geneigt ist, als die gleiche Richtung wie die Ausgaberichtung des vorderen Schallstrahls ein, zu
dem die Ausgaberichtung des Schallstrahls des mittleren Kanals geneigt ist, und zwar anstelle des Schallstrahls
des Surround-Kanals zu dem die bestimmte Ausgaberichtung des Schallstrahls des mittleren Kanals geneigt ist.

Raumklangsystem gemaR Anspruch 1, wobei die Vielzahl der Kanale einen mittleren Kanal, einen rechten vorderen
Kanal, einen linken vorderen Kanal, einen rechten Surround-Kanal und einen linken Surround-Kanal umfasst, wobei
die Ausgaberichtungsbestimmungseinheit (5, 6) die Ausgaberichtung des Schallstrahls des mittleren Kanals und
die Ausgaberichtung des Schallstrahls von entweder dem rechten vorderen Kanal oder dem linken vorderen Kanal
bestimmt, und zwar basierend auf der Veréanderung des Schalldrucks, der durch die Schallabtasteinheit abgefiihlt
wird, wenn die Ausgaberichtung des messenden Schallstrahls gedreht wird; und

wobei wenn die Ausgaberichtungen der Schallstrahlen des anderen vorderen Kanals, des rechten Surround-Kanals
und des linken Surround-Kanals nicht bestimmt werden kénnen, die Ausgaberichtungsbestimmungseinheit (5, 6)
die Ausgaberichtung des Schallstrahls des anderen vorderen Kanals ein eine Richtung symmetrisch zu der Aus-
gaberichtung des Schallstrahls des einen vorderen Kanals in Bezug auf die frontale Ausrichtung der Lautsprecher-
anordnung (1) einstellt, und die Ausgaberichtung des Schallstrahls von sowohl dem rechten Surround-Kanal als
auch dem linken Surround-Kanal als eine Richtung einstellt, die einen Winkel zwischen der Ausgaberichtung des
vorderen Kanals auf der gleichen Seite wie der Ausgaberichtung des Schallstrahls des Surround-Kanals und der
frontalen Ausrichtung der Lautsprecheranordnung (1) teilt.
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Raumklangsystem gemaf Anspruch 1, wobei die Vielzahl der Kanale einen mittleren Kanal, einen rechten vorderen
Kanal, einen linken vorderen Kanal, einen rechten Surround-Kanal und einen linken Surround-Kanal umfasst; wobei
die Ausgaberichtungsbestimmungseinheit (5, 6) die Ausgaberichtungen der Schallstrahlen des mittleren Kanals,
des rechten vorderen Kanals und des linken vorderen Kanals bestimmt, und zwar basierend auf der Veranderung
des Schalldrucks, der durch die Schallabtasteinheit (7) abgefiihlt wird, wenn die Ausgaberichtung des Messschall-
strahls gedreht wird; und wobei wenn die Ausgaberichtungen der Schallstrahlen des rechten Surround-Kanals und
deslinken Surround-Kanals nicht bestimmt werden kénnen, aber die Ausgaberichtung des Schallstrahls des mittleren
Kanals entlang der frontalen Ausrichtung der Lautsprecheranordnung (1) ausgerichtet wird, die Ausgaberichtungs-
bestimmungseinheit (5, 6) eine GréRe eines Raums mit Wanden, die die Lautsprecheranordnung (1) umgeben und
eine Horposition und eine relative Position der Horposition in dem Raum erhalt, und zwar basierend auf einer Antwort
auf einen Impuls eines Schallstrahls, der von der Lautsprecheranordnung (1) in der frontalen Ausrichtung der Laut-
sprecheranordnung (1) ausgegeben und durch die Schallabtasteinheit (7) abgefiihlt wird, sowie die Ausgaberich-
tungen der Schallstrahlen des rechten vorderen Kanals und des linken vorderen Kanals, und berechnet die Ausga-
berichtungen der Schallstrahlen des rechten Surround-Kanals und des linken Surround-Kanals basierend auf dem
Ergebnis der GroRe des Raums und der relativen Position der Horposition.

Revendications

Systéme d’ambiance sonore comprenant :

un groupement (1) de haut-parleurs qui comporte une pluralité de haut-parleurs et qui sort des faisceaux sonores
d’'une pluralité de voies de sorte que les faisceaux sonores sont transmis directement a une position d’écoute
ou que les faisceaux sonores réfléchis par des murs sont transmis a la position d’écoute ;

une unité (2-1, 2-2, 2-3, 2-4, 2-5) de traitement de signaux qui engendre des signaux d’attaque a partir de
signaux audio de la pluralité de voies, les signaux d’attaque attaquant la pluralité de haut-parleurs de sorte que
les faisceaux sonores correspondant aux signaux audio de la pluralité de voies sont sortis par le groupement
de haut-parleurs dans des directions prédéterminées de sortie ;

une unité (7) de prise de son qui capte la pression sonore dans la position d’écoute en face du groupement de
haut-parleurs ; et

une unité (4) de commande qui commande la rotation de la direction de sortie d’'un faisceau sonore de mesure
sorti par le groupement de haut-parleurs ;

caractérisé en ce que le systéme d’ambiance sonore comprend en outre :

une unité (5, 6) de détermination de direction de sortie qui détermine les directions de sortie des faisceaux
sonores d’au moins une partie de la pluralité de voies dans le groupement (1) de haut-parleurs, en se
basant sur une variation de la pression sonore captée par I'unité (7) de prise de son lorsque I'on fait tourner
la direction de sortie du faisceau sonore de mesure,

dans lequel, lorsqu’il y a une voie dont la direction de sortie du faisceau sonore ne peut pas étre déterminée
en se basant sur la variation de la pression sonore captée, l'unité (5, 6) de détermination de direction de
sortie calcule, en se basant sur les directions déterminées de sortie des faisceaux sonores des voies, la
direction de sortie du faisceau sonore de la voie qui ne peut pas étre déterminée.

Systéme d’ambiance sonore selon la revendication 1, dans lequel la pluralité de voies inclut une voie centrale, une
voie frontale et une voie d’ambiance ;

dans lequel l'unité (5, 6) de détermination de direction de sortie détermine les directions de sortie des faisceaux
sonores de la voie centrale et de la voie frontale en se basant sur la variation de la pression sonore captée par
I'unité (7) de prise de son lorsque I'on fait tourner la direction de sortie du faisceau sonore de mesure ; et

dans lequel, lorsque la direction de sortie du faisceau sonore de la voie d’'ambiance ne peut pas étre déterminée,
l'unité (5, 6) de détermination de direction de sortie prend comme direction de sortie du faisceau sonore de la voie
d’ambiance une direction divisant en deux I'angle entre la direction de sortie du faisceau sonore de la voie centrale
et la direction de sortie du faisceau sonore de la voie frontale.

Systéme d’ambiance sonore selon la revendication 1, dans lequel la pluralité de voies inclut une voie centrale, une
voie frontale droite, une voie frontale gauche, une voie d’'ambiance droite et une voie d'ambiance gauche ;

dans lequel l'unité (5, 6) de détermination de direction de sortie détermine les directions de sortie des faisceaux
sonores de la voie centrale, de la voie frontale droite et de la voie frontale gauche en se basant sur la variation de
la pression sonore captée par 'unité de prise de son lorsque I'on fait tourner la direction de sortie du faisceau sonore
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de mesure ; et

dans lequel, lorsque les directions de sortie des faisceaux sonores de la voie d’ambiance droite et de la voie
d’ambiance gauche ne peuvent pas étre déterminées et que la direction de sortie du faisceau sonore de la voie
centrale est inclinée a droite ou a gauche par rapport a la direction frontale du groupement (1) de hautparleurs,
l'unité (5, 6) de détermination de direction de sortie prend, comme direction de sortie du faisceau sonore de I'une
des voies d’ambiance droite et gauche vers laquelle est inclinée la direction de sortie du faisceau sonore de la voie
centrale, une direction divisant en deux I'angle entre la direction de sortie du faisceau sonore de la voie frontale
vers laquelle est inclinée la direction de sortie du faisceau sonore de la voie centrale et la direction de sortie du
faisceau sonore de la voie centrale, et prend, comme direction de sortie du faisceau sonore de I'autre voie d’'ambiance
opposeée a la voie d’ambiance vers laquelle est inclinée la direction de sortie du faisceau sonore de la voie centrale,
une direction divisant en deux I'angle entre la direction de sortie du faisceau sonore de 'autre voie frontale opposée
a la voie frontale vers laquelle est inclinée la direction de sortie du faisceau sonore de la voie centrale et la direction
frontale du groupement (1) de haut-parleurs.

Systéme d’ambiance sonore selon la revendication 3, dans lequel, lorsque I'angle entre la direction de sortie du
faisceau sonore de la voie frontale vers laquelle est inclinée la direction de sortie du faisceau sonore de la voie
centrale et la direction de sortie du faisceau sonore de la voie centrale est plus petit qu’'une valeur de seuil dans le
cas ou la direction de sortie du faisceau sonore de la voie d’ambiance vers laquelle est inclinée la direction de sortie
du faisceau sonore de la voie centrale a été déterminée comme étant la direction divisant en deux I'angle entre la
direction de sortie du faisceau sonore de la voie frontale vers laquelle est inclinée la direction de sortie du faisceau
sonore de la voie centrale et la direction de sortie du faisceau sonore de la voie centrale, I'unité de détermination
de direction de sortie prend, comme direction de sortie du faisceau sonore de la voie d’'ambiance vers laquelle est
inclinée la direction de sortie du faisceau sonore de la voie centrale, la méme direction que la direction de sortie de
la voie frontale vers laquelle est inclinée la direction de sortie du faisceau sonore de la voie centrale, au lieu du
faisceau sonore de la voie ambiance vers laquelle est inclinée la direction déterminée de sortie du faisceau sonore
de la voie centrale.

Systéme d’ambiance sonore selon la revendication 1, dans lequel la pluralité de voies inclut une voie centrale, une
voie frontale droite, une voie frontale gauche, une voie d’'ambiance droite et une voie d'ambiance gauche ;

dans lequel I'unité (5, 6) de détermination de direction de sortie détermine la direction de sortie du faisceau sonore
de la voie centrale et la direction de sortie du faisceau sonore de I'une de la voie frontale droite et de la voie frontale
gauche en se basant sur la variation de la pression sonore captée par I'unité de prise de son lorsque I'on fait tourner
la direction de sortie du faisceau sonore de mesure ; et

dans lequel, lorsque les directions de sortie des faisceaux sonores de I'autre voie frontale, de la voie d’'ambiance
droite et de la voie d’ambiance gauche ne peuvent pas étre déterminées, I'unité (5, 6) de détermination de direction
de sortie prend, comme direction de sortie du faisceau sonore de l'autre voie frontale, une direction symétrique
avec la direction de sortie du faisceau sonore de la premiere voie frontale par rapport a la direction frontale du
groupement (1) de haut-parleurs, et prend, comme direction de sortie du faisceau sonore de chacune de la voie
d’ambiance droite et de la voie d’'ambiance gauche, une direction divisant I'angle entre la direction de sortie de la
voie frontale du méme cété que la direction de sortie du faisceau sonore de la voie d’ambiance et la direction frontale
du groupement (1) de haut-parleurs.

Systéme d’ambiance sonore selon la revendication 1, dans lequel la pluralité de voies inclut une voie centrale, une
voie frontale droite, une voie frontale gauche, une voie d’'ambiance droite et une voie d'ambiance gauche ;

dans lequel l'unité (5, 6) de détermination de direction de sortie détermine les directions de sortie des faisceaux
sonores de la voie centrale, de la voie frontale droite et de la voie frontale gauche en se basant sur la variation de
la pression sonore captée par I'unité (7) de prise de son lorsque I'on fait tourner la direction de sortie du faisceau
sonore de mesure ; et

dans lequel, lorsque les directions de sortie des faisceaux sonores de la voie d’ambiance droite et de la voie
d’ambiance gauche ne peuvent pas étre déterminées mais que la direction de sortie du faisceau sonore de la voie
centrale est dirigée suivant la direction frontale du groupement (1) de haut-parleurs, I'unité (5, 6) de détermination
de direction de sortie obtient la taille d’'un espace avec des murs entourant le groupement (1) de haut-parleurs et
la position d’écoute et une position relative de la position d’écoute dans I'espace en se basant sur une réponse a
une impulsion d’'un faisceau sonore sortie par le groupement (1) de haut-parleurs dans la direction frontale du
groupement (1) de haut-parleurs et captée par I'unité (7) de prise de son et sur les directions de sortie des faisceaux
sonores de la voie frontale droite et de la voie frontale gauche, et calcule les directions de sortie des faisceaux
sonores de la voie d’ambiance droite et de la voie d’ambiance gauche en se basant sur les résultats de la taille de
I'espace et de la position relative de la position d’écoute.
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